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This solid-phase immunoassay for detection of rheumatoid factor involves a specially prepared indium surface that renders protein layers visible and therefore does not require tagged protein. Using appropriate discriminatory values, we found agreement with results of a standard latex-fixation test in controls and patients with rheumatoid arthritis. About half of the patients with rheumatoid arthritis that wre seronegative by this latex fixation test had positive tests by the present assay. Rheumatoid factor of both the 1gM and IgA class may be easily assessed.
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Detection of rheumatoid factor (RF) in the serum of a patient with rheumatoid arthritis provides both diagnostic and prognostic information.3 Several serological tests to measure this factor were developed after observations by however, latex particles with adsorbed human gammaglobulin are now more commonly used (3). Solid-phase assays have also been developed, but they require the use of markers, often radioactive (4) (5) (6) .
It is difficult to detect RF because it is already complexed with the patient's own IgG in the serum (7) . Thus, for a test to be of practical value, the externally applied antigen must compete successfully with the patient's own IgG for binding sites on the RF. In most test systems the externally applied antigen is aggregated and behaves as if it were multivalent, sothat it will have a higher avidity for the RF than doesthe monomeric IgG in the serum (8).
The indium surface immunoassay (IS!) we describe here is an easily performed solid-phase assay, incorporating the advantages of such tests but not requiring tagged proteins (9) . We have applied this test to sera from patients diagnosed as having rheumatoid arthritis and to control sera from the Red Cross. The rheumatoid arthritis group was further subdivided on the basis of individual response to one of the standard latex-fixation tests (LET). We intentionally included a relatively large number of patients' sera that were negative by this LET, to aid in evaluating the effectiveness of the IS! as a diagnostic assay.
Materials and Methods
Sera were obtained from patients, seen in the rheumatology practice at Albany Medical College, with definite or classic rheumatoid arthritis according to the criteria of 1 Before use, 0.5 mL of the suspension was dissolved in 1.0 mL of 0.15 mol/L NaCl solution and passed through a PD-b disposable prepacked column of Sephadex G-25M (Pharmacia Fine Chemicals, Uppsala, Sweden) that had been previously equilibrated with 0.15 mol/L NaC1. The column was eluted with 0.15 molJL NaC1. The first 5 mL of effluent was collected and diluted to a final volume of 40 mL with 0.15 mol/L NaC1.
Latex-Fixation Test (LFT)
This test was performed according to Singer (3). "Rheumatoid arthritis buffer" in dry form, Cohn Fraction H, and latex particles 0.81 pin in diameter were all obtained from Difco Laboratories, Detroit, MI 48232. Serum was tested at dilutions ranging from 1:20 to 1:5120. Positive and negative control sera were run in each assay. After mixing the reagents, we agitated the tubes in a water bath for 1.5 h at 56#{176}C. Visible agglutination was detected against fluorescent light. Control sera and negative sera from patients with rheumatoid arthritis showed no agglutination at 20-fold or greater dilutions. All positive sera showed agglutination at 1:1280 dilution or greater.
Solid-Phase Indium Slide Immunoassay (ISI)
In this solid-phase assay the antigen is adsorbed onto a specially prepared substrate. The substrate is made by evaporating the metal indium upon coverslips of glass at a reduced pressure of 10-6 mniHg. The indium condenses onto the glass in small metal particles, the average size of which is determined by the amount of indium evaporated. Particles a few hundred nanometers in diameter are the desirable size. The test depends upon the fact that light scattered by metal particles in this size range is strongly influenced by coating the particles with thin dielectric layers. Adsorbed protein acts as the dielectric layer, and in general the more protein there is present, the more the scattering increases. It is possible to quantify the amount of adsorbed protein by measuring the light transmitted through the slide with a simple densitometer (13), or one simply can estimate the amount of protein by visual inspection.
In an actual test the antigen is first adsorbed as a small spot to the slide from a solution of relatively pure protein.
The protein adsorbs in a monolayer. If the slide is now rinsed and dried, this monolayer can be detected by a specific change in the amount of transmitted light. Next, the remaining area of the slide is "masked" by a protein that gives an equivalent light-scattering effect but will not react with the antibody to be measured. The slide is then exposed to a serum that may or may not contain antibody to the preadsorbed antigen. If specific antibody is not present, no additional protein will attach to any region of the slide, and after rinsing and drying, the intensity of the light transmitted through the slide will not have changed. On the other hand, if specific antibody is present, the antibody will bind to the spot of pre-adsorbed antigen. More protein is therefore attached to the metal particles in this region, causing a distinct decrease in transmitted light. Finally, it is possible further to enhance the darkness of a slide that has reacted with specific antibody by incubating the slide with antiserum specific for antibody in the serum tested. We refer to this as the "development step. " This assay has been specifically adapted to detect RF. First, indium slides were prepared as described above (Figure IA) and spotted by placing separately one small droplet, approximately 5 ML, of each purified antigen (e.g., human IgG and rabbit IgG, 50 p.g/mL in 0.15 mollL NaC1) on the indium-coated surface ( Figure 1B) . The slides were incubated for a minimum of 10 mm in a moist chamber, and unadsorbed !gG was gently washed from the slide in a stream of tap water. The slides were then placed, without drying, in the aldolase solution for 8 to 10 mm (Figure 1C) . The upper row shows the slide before incubationin a serum. A is the naked indiumslide,B is the slideSpotted withantigens (human lgG on the left,rabbitlgG on the right),and C is theslide after aldolase "masking." The lowerrow showsthe slide after incubationin three differentsera diluted30-foldin ACES buffer, followed by developmentwith anti-human1gM.0 is the slide after incubation in a control serum.E is the slide after incubationwith a rheumatoid arthritisserum reacting with both human and rabbit lgG, and F is the slide after incubation with a rheumatoidarthritisserum reactingonly with 
were removed from the vials. The excess liquid was drawn from the edge of each slide with filter paper, and the slides were placed in a wet box to prevent the surface from drying.
Without delay, 50 L of a 10-fold dilution of either antihuman 1gM serum, anti-human IgA serum, or anti-human IgG serum was pipetted onto the surface of each slide (development step). After a 30-mm incubation at room temperature, the slides were gently rinsed in running water and quickly dried in a jet of air or nitrogen. Figure 1 (D, E,  and F) shows typical examples of various assays.
The "developed" slide may be read as positive or negative by simple inspection. However, the densitometer allows objective quantification of the transmitted light. The densitometer was adjusted to give a reading of 500 arbitrary units when the light path was unobstructed and zero when no light reached the detector. The darkness-of-spot measurement is the difference between the densitometer reading of light transmitted through the spot and that transmitted through the aldolase-masked background immediately adjacent to the spot. Typical densitometer readings for the background and an average spot were 250 and 270, respectively. Tables 1 and 2 . Based on experiments on use of various buffers, pH conditions, and serum dilutions, sensitivity and specificity for both 1gM-and IgA-RF against human IgG were adequate with ACES buffer at pH 8 and a 30-fold-diluted serum. A positive ISI, with a spot darkness >10 as the discriminating value, was found for all sera from patients with rheumatoid arthritis positive by the LET used in these studies, while all control sera were negative by both ISI and LET. Of the sera from patients with rheumatoid arthritis negative by LET, 47% were positive for IgM-RF and 35% were positive for IgA-RF by ISI (Table 1 and Table 2A) . Table 2 also illustrates that rabbit IgG is not as effective an antigen as human IgG in terms of number of sera positive as well as strength of reaction, the latter assessed by spot darkness. In Table 2A a positive test is defined as a spot darkness >10, a criterion adopted to discriminate between patients and controls when human !gG is the antigen. By this criterion, only two patients were found to have RF against rabbit IgG, and in each case it was IgM-RF.
Results

Results obtained with IS! are listed in
In Table 28 , any measurable increase in spot darkness is considered positive. If this criterion is used when human IgG is the antigen, several control sera are positive. When rabbit IgG was the antigen, more patients' sera were positive than with the more stringent criteria of Table 2A , and RE' was found among all immunoglobulin classes. Control sera remained negative with rabbit IgG as the antigen.
We have examined the titer of IgM-RF against human IgG in a few sera. Figure 2 shows a typical result for two different patients' sera. It is interesting that the reactivity of the sera at first increases with the dilution, and that a dilution of approximately 50-fold gives the strongest reaction.
Discussion
The many different tests for determination of RE' reflect the difficulties inherent in its detection. The LET is currently used as the standard, but this test will not differentiate RE' of various immunoglobulin classes, and it depends on visual inspection, which may be interpreted differently by different observers. Commercial kits simpli1r the test procedure, but results often are unreliable (14). Solid-phase assays have several advantages, including the ability to detect non-IgM-RF and to reveal RF in serum from some patients with rheumatoid arthritis who are seronegative by LET. These results, however, have in the past necessitated the use of markers tagged with radioactive iodine or horseradish peroxidase (4-6).
The assay described here is an easily performed solidphase test that requires no uncommon reagents. Our results demonstrate that a reaction spot with a darkness of >10 is capable of differentiating between sera positive for IgM-RF by a routine LET and negative Red Cross controls when human IgG is the antigen (Table 1) . By this criterion, almost half of the sera from our patients with rheumatoid arthritis who were negative for IgM-RF by the LET used in these studies were positive by ISI ( Table 1 ). The darkness of the spot in the present assay is proportional to the RE' free to react but not necessarily proportional to the total RF in serum, as discussedbelow.
Testing for IgA-RF by ISI is no more difficult than for IgM-RF. All patients sero-positive by LET were positive for IgA-RF by IS!, as were 35% of those sero-negative for 1gM-RE' by LET (Table 1) .
We believe that a major reason for difficulty in detecting RE' is that the RE' is already complexed with the patient's CLINICAL CHEMISTRY, Vol. 30, No. 6, 1984 883 own IgG in the serum. Thus, for the assay to be valuable, the externally applied IgG antigen must compete successfully for RF binding sites. In our test, as with other solid-phase assays, the adsorbed antigen molecules are in closeproximity and act as multivalent antigens. Therefore the adsorbed !gG will bind the RF much more strongly than the monovalent IgG in the serum. For the RF to combine with the surface-absorbed antigen, it must have vacant binding sites. Because the affinity of the RE'is rather low (the equilibrium constant is about i05 L/mol), the number of vacant sites per RF depends on several factors, including serum dilution, buffer, pH, and antigen, and our results clearly illustrate some of these variables.
After testing several buffers, including barbital and 2-(Nmorpholino)ethanesulfonic acid at various pHs, we found that ACES at pH 8.0 discriminates best between control and patients' sera. For example, with barbital buffer at pH 6.5, 10 of 30 controls tested were positive (data not shown); phosphate buffers tend to remove protein from the indium slide surface, which makes them unsuitable buffers for use in this assay.
Dilution of serum also plays an important role. The reason for the increased reactivity of the sera at low dilution (Figure 2) is a direct consequence of the competition between adsorbed IgG and the patient's own IgG.
The antigen, per se, plays a crucial role in test results. In addition to the use of human and rabbit IgG reported in Table 2 , we have used bovine and goat IgG in a few experiments. Human IgG was always the most reactive antigen, and bovine IgG was more reactive than rabbit IgG. Sera from patients positive by LET reacted more often with the heterologous IgG than those from patients whose serum was negative by LET. One control reacted strongly only with the bovine IgG, suggesting a previous sensitization with this antigen.
Finally, the immunoglobulin class of the RF is important. IgA-RF was invariably present in patients with RA seropositive by LET but was not as prevalent as 1gM-RE' in seronegative patients. Two patients' sera, both negative by LET, contained IgA-RF but not 1gM-RE' by IS!. Our assay in its present form cannot be used to look for IgG-RF against human IgG, owing to the inability to interpret the development step. This difficulty could be circumvented by using a technique developed for radioimmunoassay (4). If human Fc fragments were used as antigen and rabbit anti-human Fab as developing antibody, no cross reaction would take place between the adsorbed antigen and the specifically attached !gG-RF. IgG-RF against rabbit IgG was detected only in a few sera.
